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I    VOr.ITMK  CFIANdFS  AND  TKMPFHATITRF  (  IIANOKS. 


Hy  r.  A.  IUiiTii*!«,  8/8<JT.  W.  E.  Hiun  «»•»  L.  <(    Kii.ik.hn. 

iFrflm  Iht  iMhnntloriet  nf  Ihr  Mililim  Sthnol  of  OHhnp.nlif  Sur- 
0,rv  anit  Phviiolh^raptt,  Hart  Home,  ami  af  thn  P^imrlmfnl  of 
l'ky»iolooy.  Univrrtily  of  Toronto.  Toronto,  Canada.) 

In  eonjunrtion  with  •  tlu<iy  of  the  influenm  o(  tr<>«tmenl  on 
i|i'nef*»t«Hl  mufc'Ic  *e  hg»i.  irriiHi  out  invpntiirulioni  «>n<^riiiM(| 
111.   circulator)  chanuii  whi.h  take  plar©  in  it, 

I.   VoLUVI   ClIANaK*. 

One  of  th«i  imtitMiiate  fpauit.  whioh  ii  known  to  ooour  ifeer 
fXTinir  the  nrrvp  fo  a  min.'lp  i«  n  illlnfafion  nf  thr  blood  vi>«ii«.|«  thii* 
rut  off  (rum  thp  nrrvo  .iippl.T.  Thin  \,n,\»  t-.  nn  iM.-rrn»fi  in  the 
v.liini..  of  the  liml..  We  havo  •tmliecl  thrae  volume  chanire*  b» 
nil  :iti«  of  the  plrthymiinKraiih. 

.l/.//.o.f#.— r,it,  wrorp  the  Kuhjrrt*  for  thwo  ••xiwrimenfi..  They 
w.r.  nnir«thpti*e<l  with  urethano  except  in  ono  oxporimpnt  whom 
piii.r  w«i  etnployp,!.  Voltimo  phnoKPa  wprp  -tudipd  in  ono  or  both 
hinii  hmhi,  when  bf>th  wcrp  u«pd  ono  aervpd  nn  a  pontrol.  The  limS 
w:m  Pnclo.P,l  eithpr  in  a  ah,*  or  tin  pyiindpr.  which  was  made  air 
tiL'  It  by  pni'kinif  n  Vrt.flinc-rotfon-wool  minturo  betwppn  the  thigh 
aii.l  .-ylindor  mouth,  The  oylindpr  wa»  Ponn<vfpd  to  a  Hrodio  bellowa 
nt  Mioh  a  eapaoily  that  it  would  be  i.ire  U,  nopommodato  the  volume 
<h.ir,eP,  in  the  l,mK  Tho  pxporimpnt*  wprp  p.>rformpd  in  a  "  pon- 
jtnrit  fPmppraturo  m.,,,,  whiph  wn»  devi«pd  by  the  late  Profp««or 
llr  .hp.  Keoord*  wprr  kppt  of  tho  tprnp-ralurm  of  both  the  room'  and 
••■r  within  the  plpth,v.m,.ffr,.pb.  F^m  of  hput  from  the  |.Ieths»,mo- 
crirh  wa«  prevented  by  a  thi.k  wrapping  of  potton-wnol. 

Thn  npiatic  and  fpmoral  ncrvpa.  in  the  limb  to  be  drnerva*  I 
«. TP  t'r;;pare<l  for  iiectioninff  iK-fore  fitfinR  the  plethy.m.^^raph,  ,n' 
p!...P.  I  ho  former  nervo  waa  e«po.pd  juat  aftpr  it  Ipft  the  ».M«tic 
n..t.|,,  and  the  latter  whpre  it  eniPrjfPd  fr..m  un-Ior  PoupartV  li^a- 

""i''i\,  ,;'*?*]"■*  ""*  P"*"*''  ""''■''■  »•'<*  f'-moral  nerve  »o  that  ,i 
nul,!  ho  hfied  for  putting  when  desired.  Thin  method  was  not  .atis- 
la.  trry  ,n  the  ca.e  of  the  sciatic  ner^e  becuuio  when  the  pl-thy^mo- 
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gfil.li   WIM   in   |'U'>-   Ihr   »''f*»  tH.ut.j    H..I   !«•  i>ul    *HliiUl    ixillili. 
.tiiiUl   ilif    tilrili>«fii»i<r4|>U   U'   (lialuiUtl.     Ill   .ir<l«'r   •"   iliw^n-t 
iiiit.'li  Ihf  •(rttfhiiig  of  Ihf  npr»p  miir^-t  *i«i!il.'  llm  r>«u!l«,  lli.-  . 
ii.'t»r  mn"  Iturrly   pull"!  i*Utt  lltf  litlil    hail  Imii  fiirliiwii  iii  H  |.' 
i|i'>K'ilt>)>       •  '<«  toliiuio  I'hiintfK  *»•  iiliii<i»l  it*  iiiu'ti  a*  in  n  '!<  •!•  < 
liiiili      Ot'   i.iiirM'    llii>    li'iiaiiMi    »u*   gtvitivt    lltMii    litnl    mlu'li     , 
|Kini>4   lite   iiri'iiaraliuii  ..f   ili>'   npr*"    f  r   <'uiiMti{      Uttt   il  ••  r 
ili-moinlfiW  fill'  •■afi>  nrt'tlrtl  in  |irt-|mi'uiB  tin*  nrrvii  fur  futlii 
ItM-w*  •••poriiwiiU.  TtHTrfiir*'  an  inntrununt  w»«  iU-hm^  whn-h  • 
II'  iml   in  |i!h' «■  ••>  tlwl   fln>  in*rv««  (•■niiil  Ih-  i-ut   Ml  mny   litm-  n  • 
niotina   llip  |>li-tli.> •m>>i(ru|>l.  »t  ulrt^'-liinir  ifir  ui»r>f, 

'I'he  nfur<il<>.ii«  i  h'itf    I)  u  a  >MmIt  tii>><-  i'')  |>luirtrt'<i  At  Dm 
fiul  la).      A  tioli*  ('>)  Inrirn  I'lioUKh  to  riH'i  ivc  tli<<  nrrvr  ia  cut 
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Kig.    1.     Meurolom*.      (««•  T«>«t  ) 


ill 


Vr     I   iM'(||t4' 


■1  th. 


oIk  II 


|.F. 


>lll.,|     l,t 


fiMititf  I'liltr  .yiiiuUr   i /( I    with   a   |irn..tin(r   r..iipn.-   (r),   whirh 

.,.ii.'.|  ml.    |.:,,.i.  from  sIkx*  (•«    /»i      Tl,,,  ktufi.  it)  t.  .\,»p,  ! 

-     I  Phi..  I   rtiul  i.  a.  wi.l..  „  ,h„  ,„».riml  <li»nH>li<r  ..f  ih^  inn.  r 

'   !•  r      Thl»  rhi..'l   (./)   i<  fiKlpnrii  at   th.-  iml  ..f  ii  l.ni..   r.Hl  (.-• 

■    (11.  •i.iibI.V   iti.i.lr  l\w  liilii-r  lu>«-       A  »i.'.|  f,.f  llu.  .  |,i.,|   •„  w.irk 

.r  .•  furni.b«|  l,»  m«kinif  a  .I..!  u,  »),.-  flux  U)  at  iK.-  1..*.  r  .„A 

iiilw.  to  frrpiv  tho  niiiinv  .'.Itf...     A  .m.ill  «r.»   f/l   fu.i..„..| 

>.   .i.|c  ,,f  lultf  (r'l  |irii)ivi4  iniM  a  irr.H.v..  («■)   in  A.     Tli.«  prf 

-  tiiriilllir  ..r  ttir  fliLrl.     Thl-  .ntfiP  «.rrw   h..|,!.  „„e.  r   ml*  «   m 

t,.,M.  n-.t  ..tily  |.fv.-nti..tf  rotati.,...  hiil  lunilintf  it.  ni..»,.|„..|,,  \s 

\        (/>»   .|„i«>   the   iii-tfntiiriil  ««.rtiil.I.  i|, 

Afl.r  the  ii.'fu.  IumI  l....n  |.ri|>,iriil  for  ...■(;., nimt,  id.   .,»|iii.|.  r 

r  'It  III  pin.'.',  unit  n  ri.'..r.|  •hirl.-.j  ..n  »  .|,,wly  iii.ivitiif  l>yiii..ifr;i|>li 

\       :    (1  '  l>i|»<'  ..f  .•Ul  Id  («»  niliiiiti*.   wlii-ti    w..   w.r.'  .•.•renin   timl   lli.< 

\..lum«'  «A«  ...ii.trthi.  tlir  niTyf.  wit.-  .•hi,     Hro'orda  .f  fli.'  r...iin 

•  rilurp.   f.iliil    l.iii|M  ruiiirp.   nmi  of   th.    nlr   in   Ihp   r'l''"iyini..- 

M.r.-  Iiitt.'n  "Very  half  h.xtr  in  lli.^  .  ,irl\  cnrt  ..f  Hi.-  p»|i,  rliii.nl. 

iiiT  pviTj  hiiiir. 

i:.-,ill-.     A   ••III    uti.l.r  .'llLr  ..rwij  11.  III.    rir-t   «iilij....|       Ml I 

.ir.     fr.-iii    Ih.^   fiir..!Ml    iirl.  ry    vii\*    ri-Ki.il. •r.-.j   iv.  ry    ."It   rn.inil.-. 

I    ■    (!..•..!  (T.  ».ur.'  tluiiiiit.'il  fri'tn   III?  mm    t..  |'.'^  riitn.  <iiifiii,f  th, 

fiv  ■  hv.-  li,.Mr<  iift.r  .Irnrrviition;  Ih.n  it  urn.liinlly  Ml  iinlil  it  wii. 

•      .  Ill    fit   thf  ..n.iiili   ||,„ir      Tlu'  iiiiiimil   .li.<l  ut   flm  ,.,i.|  „f  ,  jjrt.t 

-■'■      Minimum    .liliilatint,     v.i-    riii.'ti.  .1    tiv.'    lui.j    onr-tmif    ln.iir. 

'■    ill  lllTHIti..||. 

In   II   npi'iiml   <-iit    iin.l.r   iinllniiH'   llir   maximiiin   .tiliitiiiM.n    wn. 

.i|  .IJl  liiiur-  itfffr  ili'in'rvali..ii.     Tin-  lil.i.il  |iri>>i|ir<>  •h.uv.^ij  litll. 

i.i;.'.-  until   ill.-   iiinlli   li.iiir  wli.Tf   fn.m   u   |>ri>»Kiir<>  of  If.'   mm.    if 

itr.iliiiKv   fell   t.i  il.l  mm.   l.>    th.-  rnij  ..f  lli.>  tliirtiitli   li,.iir      l'nf,,r- 

iiii.ilily   llu    friii|nTiitiiro  ..f  tli.'   room   wii»   not  ci.iitroll.'.l,  •..   thiit   a 

t  •!  ,.!i„ii  in  voliiim-  (liiriiii/  tli.-  iatl.  r  hour-  of  ili,.  .  »|i..rim.iit  .•iinii.J 

'  ki'ii  a«  of  iin>  ttr.iif  -iciiiHcanri'. 

Iwu  inon-  .•^|K■rim«•llt•  »rri'  [nTforiiu  ij.  m  wliii-h  .•Ininif. .  only 
if  ([.•m  rvatiil  limb  w.ti'  »tu.li.il.  In  tin'  tir.t  thi-  imiMiiinm 
I  i  I. 'ion  .H-.-urr.-il  :.-T  lir>*.  iift.-r  .Iciarvation.  Thii  wti«  .in.,  hiiif 
.  .'fliT  th.^  iiiaxiiiiuiii  IcmiMToturc  of  tlif  air  witiiin  flif  plctln  . 
',  --i.:|.li  will*  r.'iicli.-<l.  Tin-.'  .■Imiijirii  were  iiiil<'|)i  niiftit  of  t'li-  r<i»iii 
.11. .1  I'. till  ti'ni|i.ratur.'*  nfl.r  the  lliir.l  li..iir.  In  tin.  «..,.„nil  animal, 
tn.-  uuximiim  dilatation  Inul  .l.>vW..|i«.l  at  lli.  .nil  of  th.'  li.'eoinl  hour. 
.\i  •!  tli.'ii  iift.r  ail  h.'iir  of  littlf  .Iuiuko.  lli.rc  whs  a  fairly  .i.'ii.ly 
r>.iii.  ti.'H  ill  vc.luini-,  i.|Mi'ially  |iron,'Uncii|  (hiring  llie  piicc..(H|inj{ 
..\  h'lir-.     Thin  dfi-r.inn'  in  v„lumf  wu»  to.,  Krf.it  t..  he  a.-.^ounlcl  for 


•'iitirpl.v  l«y  till"  ilcMTi'iisi'  ill  rm-tiil  iiiul  |>li'tl\.v»nioirrii|ilii<'  tcminTMiur 
(hcc    Kl(f.    J).     ll,v    till'   ciiil  (if    till'   hi'M'iili'iiilli    liimr   tlio   plt'tlijHin  . 
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• R09ni   tamyerfttart 

—  Kt^*.«l    t»in,iersturt. 

---  T«n,p#r«tiire  of  miT   In  pl«thjr«™o(|r»ph. 

«  >  Hflivai.   cut. 

Viilumo  clinriRp  In  ilenervnlcd  himl  lliiib. 
limb  voluriic. 


Hi'avy  lint*  rfiiri's.-nt  i 


►-••nipliii'  viiliiini'  liMil  rctiiriM'd  to  a  litllr  liclow  iiorm;il.  Hinvrvcr,  I'lii-i 
WHS  ill  |i:irt  duo  to  ii  full  in  triii]>or;iliir('  of  nir  williiii  the  pli'tliv-in  •■ 
(;ra|ili.  I'ut  l\v  the  forlylirsl  liour  tlicri-  wns  :i  ilci-iilcd  niliiclinn  in 
llic  voliiiiii'  of  tlu"  liiiih  v.liii'Ii  wiia  iiiili'iiciidiMit  of  n  rodiiction  in  :rr 
loniiiorMliiri'  witliiii  tlio  pli'tli.v>iiio';iMi)li  Ucimu-i"  tliiit  toinpcriitiiro  lia  I 
UKuiii  lotiirnod  to  its  fornior  lii'itiht.  'I'liis  ndiu'tloti  of  tlii'  liiuli 
volume  contiiiiiod  f  .  ii-rcnsc  iiltlioiii;li  the  tciiipcralur)"!  won-  n 't 
dpiTiMsi'd.  This  I'XiH'riini'iit  would  srciti  to  indicate  that  ttiorc  is  ;iii 
ovor-riM'ovory  of  the  voluiiK-  of  tlic  liiiih  nftor  dilatation  and  that  lliin 
may  ho  iiidoivndont  of  a  loworinf?  of  toniprriitiiro  in  tlio  limh.  Im- 
dood  it  appears  tliat  the  linih  teniperatnre  may  remain  as  liinh  n-  it 
till'  lime  of  maximum  dilatation.  The  hollows  did  not  leak,  and  iIm' 
nnimal  roniiiinod  in  K'X'd  condition,  as  indieatiMl  hy  the  hlood  pri>ssni.  . 
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iiiilil  till-  cxpcriiiii'iit  Hin  -ti>|iiMi|  (T.'i  lir-^.t.     'I'lic  M 1  |irr<~iirc  hmi 

III  mm.  lit  tliiit  tiiii.-.  Tlh'  ^iiilmnl  liinl  riT..\,.nil  MiilHiii-iill.v  frum 
'hi'  urctliMTic  Id  trivi'  llic  ciiriiciil   ri'llcx. 

In  ,'i>i  ntlriiipt  to  ''(■■•lire  htllir  rviilcin-c  ,.f  nn  oicr  ri'^-nciv  ..f 
i!,.'  vcluiMC  iif  till"  ilciiiTVMli'cl  liml),  vnlmiii'  i'li.iri;:c<  nl'  I...1I1  iltmiiI 
,i!ii|  ili'iiirv;iti'(l  linilw  were  !<tuilii'cl   In   llirrc  rain. 

riifi)rliitmlcl.v  in  tlif  first  cNiicriMii'iil.  llic  r.'om  trniixTiliiri'  wis 
.\!i.n.i-il  111  ilnip  lifter  tlir  scvruth  liniir.  ~f)  llmt  iMii-lrii'li..ii  in  li;.' 
'.Ii.w-i  tiMik  plm'i<  :m  11  dirrct  ri-sult  of  tliis  |',il|  in  i,iii|Mraliir.'  n(  ihc 
islifiial  iiir.     Hi'Hi'vcr,  tin'  maximum  .jilalaiion   jiiil  Kicu  na.'lHil  al 
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•••••  RoQp  tamparktura. 

>-••—  Racial  taraparature. 

— —  Tamperaturo   In  plothysmograph.danarvated  limb. 

^.—  Temparatura   Jn  plathysmograph, normal   limb. 

VdIuiiip  chatlKi'  In  a  donorvali'il  llmli.  Slnwcr  rr<iniiv  tliaii  In 
FlR.  2.  t'ppi.r  heavy  line.  voluni«  iif  ili'iiiTvalcil  Inn  I  liiiib 
Lower  heiivy  lino,  volunn'  of  normal  Unit) 
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till-  fipiirili  li.iii   iiiiU  till'  clmu),'!'  Wiis  nviTM'il  williiu  n  ivw  uuii  ;■ 
»'i    that   a   stfiiily   eoiistrictiim   cnaucd.     That   tliiti   I'Diittrit'tioii    a 
iiHlipciidiut  of  liny  (Xtirniil  iiitliuii.*',  at  l^•a^t  up  to  tin;  iiirilli  !, 
was  sliDwii  liy  the  ninintiiiaiico  of  tlic  tciiiixraturt  of  flic  air  «  : 
till'   pli'tliy-iiiOi:raplis  siirrnUMdint:  Imtli   liinhs;   nmn'over  tlic   ii..ni 
liliili  fliil  not  ••iiristrict  until  flu.'  tenth  hour.     At  tlir  ninth  lumr  • 
(Ii'Mcrvateti  liiiih  had  rccovort-d  its  iicirnial  volunii",  us  imlicatrd  liv 
lii'lliiw-i.     Thcrcforr  tlii.-t  fXixTmipnt  tmils  to  ••unlirm  thi'  o1i..mv.i! 
in    till'    prcri'din^t    cxprriincnt,    that    dilatation    from    dcniTV  iiti-ii 
rri-ov«rci|    from    in    tlio    cDirrsc    of    scvi'ial    houra.     Tin-    tcnipp  r.i'n 
within  tlio  plothvsniottrapli  surroiindini;  the  doncrvatcd  linili  iliii  • 
hftfiii  to  full  until  four  hours  after  the  con-triction  had  Ponim.n  . 
This  al-o  confirms  tho  ri'riiilt  in  tho  provioui*  cxporinnnt. 

In  the  next  fxporiniont  tho  room  temperature  was  can  lully  r  , 
trolled.     FFcrc    ntrain    eonstricfinn    of   the   denervatcMJ    liiiih    ocnii 
unaceomp.inied  h.v  any  fall  of  temperature  of  the  limh  a-  inili.ii  ^1  j 
the  air   in   the  pletli,vsnio>fraph   iVin.  3).     The  mnxlmum  dll.it   t 
was  readied   in   five  hours,  while   the  maximum  tomiKTatnrc  ri-. 
the  pleth.vsniosrrapliic  air  had  i.ci'\irnd   in   ahont  two  lemr-. 

Till  SI'  results  were  further  fontirnicd  hy  a  third  exin-ri:!,. 
lasting  tv.enty  hours.  In  this,  inaxiniuin  dilatat'on  was  rearln.l 
two  .'inil  one-half  hours.  F-'roni  that  time  constriction  to  ik  p' • 
allhoU'-'h  so  slowly  that  the  normal  volunie  hud  not  hern  recoi ,  : 
Plitil  tuiiity  hours  after  denervation.  'I'lu-  teinpera"ire  witliin  : 
plefhv-nioirraph,   however,   did   not   fall   until   the  fifteenth   hour. 

\Vi'  next  attempteil  to  (.'et  ■^oine  idea  of  the  (luantitative  cIm 
in   the  Volume  of  a  lind)  after  denervation.     Tn  order  to  ri'ilu''i    i 
amount  of  air  which  niiKht  expand  from  the  incrca.sed  tempcr:i;  .; 
of  the  linih.  the  cylinders  were  filled  with  cotton-seed  oil  after  l.. 
carefnliy  fitted  to  the  limhs,  merely  the  tuhe  and  hellowa  and  a  >:i! 
spui'c  near  the  opening  of  the  tuhe  containinR  air.     .\t   the  .ii.l 
the  experiment,  immediately  after  the  death  of  the  aninnil.  tli  ■  i. 
IK-ratiirc   of    the    nil    was    raised    hy    external    heat,    then    ny    ii,.i;;  . 
tile  temperature  increase,  together  with  the  hellows  <'hanxes.  we  c  '.i  ! 
tell  iipproxiniHtely  the  volume  increase  for  each  increase  of  a  di;.'!. 
Hy  sulitractiiiK-  the  exiiansion  which  would  he  due  to  rise  of  tcmi"  ■ 
atiire  of  the  nir   in   the  plethysmoiiraph   durini;   the   expeiimeiif     ' 
Volume    im-rease    due     t:>    expansion    of    the    limb     was    estimii,  i 
.\ccorilinH:  to  this  method  the  limh  nctually  expanded  2-7  c.c.     T 
Volume   of    the    limh    was    determined   h.v   displacing    water    from 
cylindir.     Thi.s  method  of  course  could  not  be  accurate,  hut  it  :;.r  . 
a    f.iir   idea   of   the  magnitude  involvetl.     The  denervated   limh   u. - 
found  in   this  manner  to  be  105  c.c.   in  volume.      The    iKreenla-- 
expansion  then  was  about  2-.'). 
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/>t«ruji«ion. 

(iuAkell  (I)  rt'iii'lit'il  thf  coiiclusiDii  tliiit  tne  iiii!ri'iisi'(l  lilnml 
li  iw  due  to  (icrii'rvatiiiii  wiig  very  triiiisimt  in  chiinn-trr.  Ilr  -ihnlicil 
tlic  venous  flow  fnnii  tlir  oxtciHor  vein  in  di>n».  Tlii'  uiaxiiiiiiiii 
MiTt'nge  ill  ildw  wiiH  tittu'ucd  in  iO  to  W  soconil-i.  Tl.i-  iiicriM-.' 
ii-iippi'iirod  in  from  two  to  four  minutes,  niid  it  imiountfd  to  ni  nunli 
.  •  nine  to  cit/litci'n  timiM  the  nonnjil.  lie  .liowi d  ili;it  tlM>  iini^U 
n.iivir.y  to  tlio  riormiil  rnti'  of  tlow  w.i-  ii.^t  dur  to  lo.<  of  l.lo.id, 
'■I'aiisc  if  lie  wiiifod  for  a  frw  miinitcs  ufirr  outtint,'  tlio  iicrvo  U-foii' 
•ii.'  Mood  was  [11  rinitti'd  to  cs-mix',  tlic  rato  of  flow  was  normal. 

Cioltz  (2)  hpllovc'd  that  the  dilatation  rexultinK  from  norvc  w'tion 
■v.n  due  to  C'Xc-itation  of  vasodilators.  If  that  is  corris't  ratln'r  c|ui''k 
!. vi.vpry  of  till'  vc«gols  should  l>c  exiH'<-t('d  as  tlir  otTi-t  of  stimulation 
■\"ild  not  last  Ion;;. 

Our  olxorvations  arp  liasoi)  on  tlic  vnluiiK  ilian;;!'  whirh  may  or 
'ii..y  not  indicate  a  cluinjfp  in  rati  of  (low.  In  view  of  C'laskell's 
.1  .rk  the  most  plausible  explanatimi  of  oiir  rc«ult  is  that  followinu' 
;!ir  transient  dilatation  and  resiilt'iiit  increase  in  flow,  there  is  cuii- 
■tili'tion  at  some  rejrion  such  as  the  artcriol(s_  capillaries  or  vciinh-. 
vi'ile  the  other  vessels  continue  to  dilate  or  ninnin  in  an  expanded 
■  iilition.  Thus  the  rate  of  flow  mlirht  ho  (Hiickly  rediicr.l  to  normal. 
i.nr  dup  to  the  conRcstion  the  limli  remains  dilated.  Then  as  time 
iv.iit  on  tlip  congested  vessels  (rradually  recovered  their  former  size, 
-'  that  in  the  course  of  many  liours  the  oon^'cslion  or  dilatation 
.\y.\]t\  disappear.  If  tliis  is  tlip  correct  interpretation,  the  increase 
!i  Volume  does  not  indicate  an  increased  circulation  to  the  linih.  In 
;■  I  I  tlie  rate  of  flow  mijrht  actually  decrease. 

Oil  the  other  hand  .-iich  an  iiilcrprctation  would  not  account  for 
li-  la-olonKpd  rise  in  temperature  \vlii<'h  has  he  <  ii  ohscrved  hy  many 
iivestisators  (2,  3).  This  must  he  due  to  either  increased  circiilition 

•  r  else  to  n  local  increase  in  heat  i>roduction.  As  far  as  wc  know. 
i '-.it  production  in  muscle  is  associated  with  contraction.  Therefore 
i^'-rca-c  in  tone  or  contraction  would  he  necessary  to  accunt  for 
-uc;i  a  condition.  The  only  indications  of  increased  muscular  activity 

Mv  the  ohservations  hy  Schiff  <  \)  and  others  that  fihrillatioi curs 

ill    deiiervatcd    muscle.     Jlowever,    Lanfilcy,    and    Kato    (5)    did    not 

•  ''-erve  fibrillation  until  four  days  after  nerve  section.  This  makes 
.1   <■  .nsiderable   gap   during   which    fibrillation    apparently   could    not 

■'•  uMt  for  n  local  tcmporaturo   increase. 

The  increase  in  volume  together  with  the  increase  in  temperature 
-  jiii  to  indicate  a  prolonged  circulatory  increase  after  nerve  sei'tion. 
Wc  arH  unable  at  present  to  reconcile  this  view  with  Oaskcll's  work. 
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II.  Tempkratirk  Cr^NfiKi". 

It  ii  well  known  thiit  thp  trrniioroturc  of  a  mutcle  in  incrcit*.  <i 
after  (Iinorvatiiin.  Oolfj:  (2)  (ituiliod  fho  phnnjfo  in  skin  tompprntiiri 
in  a  dcnorvatpd  limb.  He  found  that  tlip  incrrased  tomperaturp  |,.  r 
gi-'tt'd  friirn  ton  to  twcnty-oJKlit  day*.  Ills  nicflmd,  liowevor,  diil  n.  ' 
pormit  very  exact  obsorvatinns.  Hcldenhain  (3)  observed  tbe  t' tr 
perature  nf  denervatcd  mii-ele  by  means  of  n  very  iensitive  them - 
cleefrie  eouple.  He  came  to  flie  eonelusion  that  the  rise  nf  tomfH  r  ■ 
fure  often  lasted  for  wivk".  Many  others  (1,  (1)  linvo  found  sirnliir 
reaulti. 

Wo  liuve  tried  to  follow  the  temperature  ehanRes  over  Ion:;,  r 
periods  of  time  th.in  whs  il<me  by  the  earlier  workers.  For  pxani|iii'. 
where  they  made  observations  eontinuoiisly  for  bnt  a  few  hours  afti  i 
denervation,  we  have  done  go  for  two  or  three  days  in  some  ea-^cs 

Mi'tho(h. —  Cats  «er<'  used  as  in  the  volume  experiments.  Ttii  v 
were  plaeed  under  the  influence  of  urcthano  in  experiments  of  Iohl- 
duralion,  but  when  only  one  set  of  rcadiri(;«  was  desired  ether  w.i- 
employed.  The  animal  was  protected  from  loss  of  heat  by  cover!:  _• 
with  cotton-wool  and  by  carrying  on  the  exi)eriment  in  an  unusually 
warm  room.  Sometimes  artificial  heat  wa*  supplied  by  means  of  aii 
elci'tric  heater  nrramrid  to  relli'ct  upon  the  animal.  Many  of  tln' 
expi'riments  were  conducted  in  a  "  c(>Mstant "  temperature  rnnm 
Artificial  lieat  was  furnished  by  S  c.p.  cirbon  lamps  located  i 
iliffcrcnt  parts  of  the  room  near  the  floi^r.  These  lamps  were  turmJ 
on  or  off  as  the  temperature  showed  a  tendency  to  vary.  The  ri".ii; 
was  ventilated  by  an  electric  fan.  T'lidue  loss  of  heat  from  opcniiiu' 
the  door  was  prevented  by  a  vestibule  ,ind  second  door. 

The  femoral  and  sciatic  n<'rves  were  exposed  and  cut  with  i 
neurotome  as   ilcscribed   in   §  T. 

We  used  very  sensitive  mercury  thermometers  which  rcKistcrr.l 
from — T>°  to  riO"  C.  They  were  pradiiated  in  tenths  of  o  desrree  an^i 
each  division  was  trrcat  enouch  (each  dcfrrce  was  0-5  mm.)  so  tli.it 
hundredths  could  be  estimatid.  IJeadinps  were  made  by  means  of  ;i 
lens.  These  thermometers  had  been  carefully  compared  with  e:i<li 
other  at  temperatures  ranffinR  from  1S°  C.  to  40°  C,  so  that  ;i!l 
readinffs  could  be  corrected. 

In  order  to  determine  the  temperature  within  the  limb,  thermo- 
meters were  inserted  through  .slits  in  the  skin  between  the  muscVs 
and  allowed  to  remain  tliere  throughout  the  experiment.  One  therm. ■ 
meter  ("  distal ")  was  inserted  next  to  the  inner  surface  of  tlio 
gastrocnemius  by  passing  it  through  the  skin  at  one  side  of  the  tcmL.n 
of  Achilles  and  then  back  well  up  under  the  belly  of  the  muscle. 
For  the  other  thermometer   ("  proximal  ")   an  opening  was  made  iii 
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tiir  ikln  opiHwito  th..  |).)i>litfnl  {o*m\.  Thr.MiKh  tlii*  tlif  thormoiiH'ifr 
i*..s  pMsed  upward  and  undcrnrath  tho  thi(th  niumU-^.  Uofli  hind 
iiriilis  wore  thus  giipplied  with  thermometers.  The  reotnl  thermometer 
».is  inserted  a*  deeply  ai  possihle  into  the  rectum.  Although  on# 
;,riih  ierved  an  a  control,  the  tomperaturen  in  the  limb  to  bo 
i  ;:.  rviited  were  deterniinetl  over  a  period  of  nt  Uiii»t  one  hour  pre- 
...linK  tho  cuffinK  of  the  nerves.  The  thenii..meter«  w.-re  not 
iiMfr-ed  in  pt.sition,  on<-e  the  experiment  wns  sturted. 

Temperature  increate  in  a  dfnervalrd  /imft.— The  firxt  experi- 
II .  lit  run  for  ten  hours  followiiijr  the  denervation.  The  temperature 
.1  the  denervafcd  limb  increased  rapidly  for  ten  minutes  foUowinR 
ri..-  euttiinr  of  the  mrves  and  then  glowly  dnrinjr  the  r.nininder  of 
..n,.  and  one-half  hours,  after  which  they  niaintaine.l  a  ours.-  parnllel 
«ith  those  in  the  normal  limb,  but  from  0-4°  to  (►■.'>"  C.  hipher.  The 
fmr  thermometers  in  the  limbs  showe<l  an  iiicrens..  in  proportion  to 
thr  increase  in  recti  1  temperature  which  developed  diirin^f  the  experi- 
ment. The  different  temperatures  nt  different  stapes  of  tho  experi- 
ment were  as  follows: — 


R<>f tal   .  

li'ti.rvaUfi  "  proximal  "iinib. 

X  iniinl  "proxitnsi" 

ll'MiriatMl  "rtJKtal  "  liml>. , . 
N'liiiial  "ili«t«l"  liml)  


.luiit 

D^-niTxa- 
tioM. 


82  83"C 
.•11  SO 
3t  70 

:«■  1.'. 

30  40 


13  Hr«. 

afier 
D»'nfr\a 

tiun. 


,13  WfC 
;U  44) 
,12  90 
,'12-62 
,11  HS 


2  -MCri.. 

afliT 
l)en*Tva- 

tiuii. 


3  r.  Mm 

artiT 

tiuii. 


,14  8r>  c: 
.14- no 

33  .t6 
J3  3 
32  N 


,18  ;«)C. 
.14  60 
MIS 
34  0 


»  7  Hr.. 

nft<r 
IVniTva- 

tinii. 


.WOfiC 

:tt  2.-. 

34  7.'> 
34  20 
,13  4 


In  n  second  experiment  of  this  kind  the  thermometers  had  been 
^tinlized  and  aseptic  precautions  were  observed  in  insortinp  them 
I'liii'ath  the  muscles.  The  temperatures  (Fip.  4)  were  taken  at  10 
niiiiuto  iflervals  for  50  miniies  preceding  the  .sectioninR  of  the 
iiirves.  Afterwards  they  were  rend  at  Intervals  of  nt  first  five 
nuuutes,  then  fifteen  minutes,  later  thirty  minutes,  and  finally  one 
hour  and  two  hours  in  length.  The  temperatures  were  registered 
for  tiO  ho'irs  after  cutting  the  nerves.  The  nnimnl  appeared  to  be  in 
(.'...ui  condition  up  to  the  forty-fourth  hour,  and  remained- under  the 
influence  of  urethnne.  At  that  time  a  fe'er  developed,  due  to  trachaal 
uifoction.     It  died  from  occlusion  of  <  -jchea  by  mucous  and  pug 

at   about    the    sixty-third    hour.     Th.  jut    the    experiment   the 

Ji  iiipcrature  of  the  normal  limb  tended  ...    eep  parallel  with  the  rectal 
temperature,  bat  from  0-5°  to  0-9°  0.  below.     This  difference  became 

ti0298— 2i 


la 


jtri-atC'it   whr-ii    tlic   tmim   ti-uiprrauiri"   »ii.i   lowi-af,  fs|)eciall.v    in   :i» 
rptriiiii  ot  tilt)  (liiital  tlicrniuiiiptt'r.     On  Ihv  othor  liiuiil  tlir  ti'iiitii'r.itiir< 
of  tilt-  (Iciiorvtitti)  linii)  iifriM*ril  04"  C  iliirinif  tlic  Kr<t  ten  mimirt. 
HttiT   cuttiiiK   tlio   iifrvi's.      Thit    incr»'M»o   bccnmi'   BrHiliuili.v   vr,  ,r. 
liuririi;  tlii'  first  hour  until  it  wii-i  ubout  <>  '>     ('.  ni<<r<'  tliaii  titt'  n-ni\. 
limli. 

„.,  I  <  9  II  li  H      >J  >♦  '»     ••  4J  . 
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■  •••     D«ntrvitfl4   hamtrlng  ndCelii. 


Morwtl   ntiRstrlnf  noAiln 
't9fi»\   gkitroentnltii  xr. 


Fig.  4.  A  oompftriBon  of  tpmperaiures  within  the  normal  anil  rtenprv.i 
hind  liinba  of  a  cat.  ShowB  the  I'ffept  of  varying  the  room  teiiipir;!' 
upon  "  distal"  and  "proximal"  tomperatureg  In  the  normal  anil  ilii 
vated  Umba.      Time,  hours. 

Thero  wa.n  sonic  flmtiintion  in  the  tomiiornturc  diffiTonoo  l)rt\v 
tho  normal  and  diMiorvntcd  limlm,  it  beinj;  trrcatpst  wlion  tlm  (riiii 
body  temperature  (as  determined  by  rectum)  w.ts  lowered  by  tilliiw 
the  room  temperature  to  fall.  Then  the  difference  between  the  pr 
mnl  thermometers  became  as  (treat  ns  O-O"  C.  while  that  botwcm 
difltal  thermometers  was  as  larne  as  l-S"  C.  The  t<>mperatiirc  il' 
enen  became  lenat  when  the  pcneral  body  temperature  wa'  i-'ri- 
raised.  Then  the  proximal  and  di.^tal  thermometers  repiaterei]  m  > 
the  dame,  while  the  difTerenoc  in  temperature  between  the  normal  : 
denervated  limbs  became  as  small  as  0  2.")°  C". 
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In  a  third  cat  similiir  rhauKP*  in  trm|«  mtiir.  *.  r.' |ir..<lui-.il  i  Kik 
M.  Thcri!  wn«  n  .IcTrinr  of  0- »S  in  tli<-  nnrinul  liiiih  f..li>.wintf 
.i.  tuTVation  of  th.>  opikxito  limb.  p..rhii|H  ,Uu-  to  Kctii-ral  vuM-ulnr 
.  .inlriction.  which  tiiij..^*  plnpo  to  .•oiintrra.'t  th.-  .lilntor  .-(T.mi-  oi 
(!,  iinrvation  on  Kcnoriil  blood  pr.*,urc.     As   l«'for.',   tl,,.  I.  iii|Mriiliiri' 

.,>  the  dcn.rvatrd  limb.  althouKb  it  ooon  .-x. M  thf  r.f t;il  t.  nirxTH 

tiiro  by  about  0-2'.  Icppt  vory  nrnr  the  rwtal  for  m-vitiI  hour* 
I!.tw,*n  tho  fifth  nii.l  Mxth  hour,  th-  r.-rtnl  t.ni|..  niniro  b.vani..  hm 
tli.m  that  of  thf  dt-niTViitpd  limb.  And  in  tw.iitjr.f„ur  hours  th«> 
Alitor  hud  d.vre:iHod  w.  much  that  th.'  ditTprrnci'  iHfwr,.,,  tbi-  two  was 
'■  :      to    0  ^°.^    Chantr.'*    in    th.'    room    t.iniN'nilur.-    iiitlii..M.vd    tlu* 

t.  MiiMTaturc  ol  till!  normal  limb,  m  was  to  be  cx] t,.,|.  but  hrd  littli. 

I.'  no  pfToPt  up.iii  that  in  the  dcnorvatcd  lind>. 

Trmprmhirr  drrrra.fr  in  ti  drn.rnilnl  liml..  Havinjf  d.t.  rmin.-.! 
'li.  ti'mpcrature  iniroaso.  wr  next  procpiihMl  to  Hud  ..ut  thr  limits  .,f 
tmiiMTaturc  .Irorrag..  in  a  donorvatod  limb.  Thi.  i<  of  i.itrrr«t  in 
.vmi.ytion  with  trcatmo.it,  especially  ma».i,K...  of  d.nrrvatcil  n,u«cl.. 
•  n..  decrease  in  temiK-rMtiire  may  bo  due  In  part  to  constrirti,,,,  of 
t,i..  blood  vc..eU.  In  -uch  a  co„diti„i,  ni;,,,aKc  mlKJ,,  assist  the 
iirciili.tion  at  least  temporarily. 

rhe  time  of  '•over-recovery"  „f  a  dcervat.d  limb  ii  of  eon- 
^i.irabe  variation  in  different  ii,.i,vldiial«.  In  order  to  di-cover 
wm.j  the  '  over-recovery"  hid  tak..„  place,  the  r-L.tive  temperatMrc. 
"f  rlie  paws  of  the  denervat.'d  an,l  nornml  llmlH  wa»  d-lermined 
._;.  y  f,.w  days  by  a  method  which  Dale  and  Kichar.lg  ...s.-rilK.  (7) 
In    piMv  w.iH  immersed  in  a  test  tube  containinjr  10  r.e    o'  w  iter  at 

"■ "    '''"'pcratore.     Movement   of    (he    paw    stirred    thi'    water      The 

t.n,p.^raturc  of  the  wat.r  was  rea.l  at  one-minute  intervals  until  five 
m.infe.  had  elapsed.     This  method,  althoud.  not  very  accurate,  indl- 
'Mt-I   any   decided   differences    Unwcn    the    two   limbs.      When    we 
«;<hed  to  obtain  the  limb  t.^mperaturcs  more  a.  -uratolv  at  anv  time 
rh.    iiiiimal  was  anasthi'ti.^ed  with  ether  and  "  (listal  thermometer*" 
i..-crted  between  the  nius.-le8  as  described  above,  aseptic  precautions 
fcin^'  observed.      ^-  soon  as  the  temperature  readinp  of  the  thormo- 
tn.trr  became   eon-    inf.   the   thermomeiers    were   withdrawn    and    the 
......  brought  together  by  sutures.     This  method,  naturally,  could  not 

he  mod  very  often. 

Arp.  ].— The  femoral  and  sciatic  nerves  were  cut  in  the  ritjht 
IPi.'  ..f  a  cat  (1-5  ktfm.).  Five  days  later  the  temperature  of  the 
d.nrrvnted  paw  was  decidedly  lew  than  that  of  the  normal.  Seven 
•lay.  after  denervation  the  animal  was  anasthetised  and  thermometers 
inserted  beneath  the  Kastr.K-nemii.  The  temperatures  were  as 
f'!!..w,:  Rectal.  .3^.2°   C.:   normal   limb.  -V.-T"   C:  dcnervafd   lij 
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We  .".  A  comparison  of  the  tcinperaturea  of  normal  and  denervated  munclei 
In  the  hind  legs  of  a  cat.  Showa  partial  recovery  of  the  temp<Tntur« 
In  the  denervated  limb.      Time  In  hours. 


*jr..*m«i!^^  m^^^zTW^  ^m,j^M\mj^. 
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WW*  v.  Thii  wa«  uniiiUMll>'  rit|>itl  rtinMry.  in  f«<t  it  ««•  '  nver- 
rufovery,"  for  tlu'  i>|irrati<<l  limb  wm)  prn.'ticalty  0 1 '  ('.  colHrr  than 

tlio  n'>rnitil  limb. 

A'rp.  2.-  The  rivlit  hiltii  limb  of  a  fiit  wti*  tl-iiirvalcil,  rnunitiif 
..II  iri.Ti'MM'.l  liiiitxriitiiri'  whii'h  iMT.i.lcd  f.>r  noiii.tiiiiitf  iiitp  than 
two  ^v<-V-.  Itiil  ill  Iwi'iitynitu-  .l,i.\»  th.  r.'  Ii.kI  Livn  a  .|r,.i.|,..|  -  ,,w«r- 
r.H.,)vi.ry."     On    ,h,>   Uiirt.v  lliir.l   .lu>    .ifl.r   lli.-   iit>«'iiiti„it   tlic   d.iuT- 

»''•'•'  ''"'I'  w"*  '»  »     •" I'ltT  llinii  till'  ii.iriiml  liiiili.  at  di tfrmiiuHl 

ly  theriiinmitiTi  iiiicrtt'd  IwiM'iith  th«>  muwli*. 

Erp.  ;i.-  Ill  II  iliird  out  thorr  »««  iki  ilc-ii|...|  "  n\or  rc-fyory" 
111  ciirhty-ti«  ibi.v*.     Tluit   in   to  miy,  ijio  <>i«.riit«il   limb  wi'i  uliulitly 

«  irmer  Ubout  0  1'  (\)  iluin  tli ntrol  wlini  ttu.  niiimnl  wu«  ilrcplv 

'iii.lor  Pthcr.  but  if  nllow.'.l  |,i  p,,m,.  ,„it  „f  tbc  nnir.tlu'lic.  tbt-  iv.iitro! 
Umh  t»-,inir  0.:r  ('.  wiiriiKT.  Thi.  ii.tvc-  ba.l  rf(r.iii.rul.>.|  lu  f;ir  u« 
liio  Kii»tr<ii'iii-iiiim  ((li'trrmiiip<l  In-  .{.■.•iri.'ul  .limiilulion),  Tb.n- 
linl  IxTii  mark.'.l  iitropliy  n(  tlif  KnitrM.vumiiii.  Tlip  di'iiprvntM 
>raiIroi-nf'mius».iliu«-|ilaiitiiri*  uroup  wi'iulicil  .mly  I  i':,  am.  m  ,.,,ni- 
par.il  to  15  «:.  Kill-  tbc  wt'iifbt  ,<f  the  c.nilrol  jfronp. 

Kip.  4.— A  foiirib  animal  nbuwol  "  ..vir  rccovi  ry  "  i.f  tbc  .l,.|i,.r- 
vafpil    limb    ill    Hftynix   day-..     Tbis   condili.iii    iMTi.ist.Ml    f,,r    w.vk*. 

At  late  ns  151  day*  iift.T  .btiiTvatioti  tbc  l<rn|«riitiir.'  of  tl prrat.-d 

'iinl.  ith.Tnioitict.Ts  uiid.r  bnnmtrinif  miis.'i.-!*)  wim  1  tt"  ('.  lowi-r 
tiian  tho  .•oiitroi.  llowrvcr  tbr  aiiiiiiai  was  in  poor  con.lition  at  tbat 
\.:nt\  Tbc  ii.rvc  bad  nwiicratid  to  tli.-  ua«lro<iicmlus.  It  is  int.-r- 
.•"tinir  to  note  fbnt  tbe  vein*  in  llic  oiM-rat.'.!  limb  were  mmdi  ciilarif.'d. 
Ih.'  femoral  vein  win  7  mm.  in  diameter  in  tbc  ojieriited  limb,  wbilc 
ti.e  diameter  of  tbe  oorrosiH.iidintt  region  of  tbe  f.-moral  vein  on  tbc 
(•■■titrol  aide  wag  4  mm. 

Fibrilbition  mi«bt  be  in  part  responsible  f..r  tbe  incr.Ms..d  tem- 
p.ratiiro  whicb  often  persists  for  weeks.  F.nntri.'y  aii.I  Kato  (5)  have 
.■!.<..'rvcd  it  from  the  fifth  day  to  as  far  as  71  day*  after  d.-nervation. 
Their  method  was  to  study  the  e.xpo^e.|  mu^de  with  r.'tl.vte<l  li^ht. 
The  quegtion  ...••■urred  to  us  whether  the  tibrili.ition  mi»fbt  be  .lue 
t  the  stimulation  resultiiiR  from  cxix.Hur.'.  Wr  have  made  the 
;'"!lowinsr  obicrvationa  in   this  conneetion : 

Uabbit.  Seiatics  cut  15  days  before.  Kxpo;*oU  jfastrocnemius 
filiriliati.m  immediately.  This  increased  with  .'xpo^ure.  Hubbinc 
tlic  surface  of  the  muscle  with  abaorbcnt  .-otton  incrcn«(>d  the  tibrill- 
fltion. 

lUbbit.  Sciatins  cut  28  days  In-fore.  Fibrillation  w.is  a|.pa..iit 
Hi  the  Kustrocnemius  ns  soon  as  it  was  exposed.  Tbe  tenip.raturc 
nn,l,-T  this  muscle  was  approximately  tbe  same  as  in  the  fore  limb. 


M 

lliilihii      ll-iiti  i»««tr»<'in>iiiit  liiiil  Ut  n  ili'tn>f»,ii<Ml  a  tUy*  Uf  .1. 
Oil  i'k|a>aiiri   iif  Ull  i{ii.lr'"'i»  iiiiu«.  •Iiiibl  (ilirili.tli"ii  »ii«  iiiimi-.li  .1. 
tviilt'iil,  hut  till*  iiHTi'Moil  ••.in.iil«  riil'l>   •liirintf  l\f  Hr«t  Iwo  miiiui. 
«<iniil.irlv   the  riuhl  ilii«lr'n-M«t»iiM«  .ImiWoI  •htflit   tllirlllali'in   iiiini. .; 

ii»«'Ijf  u|Hm  px|H»ur<',  ilii-  Hltrillntntii  •« imiiif  iii.>rr  mnrkxl   m   • 

.'.iiirM'  I'f  lli»*  f"li>»rili|f  »i»i    mifiulr«.      the  Irmtwrrtliifr  iif  niM-  .if  1:  . 
iJMilm  « tliiriii'iiiffir  iinM-rtiil  !>•  nrntli  Bi»»iri»Mitiiiii«)  w>i«  II  T*     t 
ii<  <<iiiii|>iir<'H  f'l  :l»l  I"*'  r.  111.'  l.-mfit  rtiliirt'  •>(  n  norimil  (-itv  lini. 
flm  •nriir   iitiimiil,     Kilirillrtli'Hi   in   tin-  iJiih  rvHt.'l   niu>''l<'  tiT,\i\  <  , 
ili..i|>l»iirii|   tifUt  till'  iiiiinuil   win   killnl.      It   wii«   •litfhlly   vi.ih'.     !• 
lilillllliB  nflir  till'  liriirl   'inmil  I"  hint. 

til  .ill  «M.<'»  wliiTi'  lilifillnliiiii  iiiiiM'ttriil  it  wii-  vi-iltli'  inimiMJ.ii 
u|"'ii  I  »|i.wiiri'  iif  ilir  ttiiix'ii',  l.ut  ill  intiiiy  in«faii>T«  it  wm  inrr>  ,•■  i 
liy   till'  r!(|«.«iirf.     M.irfMUT   it   lia<   Ufii   nhnwii   li.v    S.-liiif   (■^i   1 
rilirillnii>>ti  i»'"'ur»  111  uiu^i"'"'!  tnii'i-Ii' 


I) 


Mr  union. 


\VI 


at  I* 


III.' 


.<  till 


iii'Ti'iM"  III  li'tii|ii  riiliin-  111  11  iM'iiin 


l>'       III  l.li'Illhlill     CI)     Ix'lirM'fl     it 


hill 
lutiiiri. 


.Ill 


tl 


li'    llliTi'lUi 


.1 


Till 


I4    >ii|i|i.irl<it    liy    till-    iilNtiTViiti'tn    tlnit    llin    iH' 


volutin'  "if  tlu'  liriiiTViiti'il  lillili.    K  »<•  liim-  -Ik 


ill  i    I.  Itlit.V    .iT- 


for  iIb.Vi",  Hi  (I'Mn  till'  triiiinriiliiri'.     Tlii'  nl'wrviitiiiii   »lii<'li  ijiimli 


thii*    inti'r|iri'l;ili"ii    i> 


till 


rii|>i"l   r«'>'"*<r.v   1 


<    tl.r    M 


1. 1 


Vi'»'»<'U    .itr 


ili'iH'rviiiioii.  iw  i|i'i«>riniiir(|  Iv  the  vciiou*  IiIimmI  tlnw  (  I ).     Htx'' 


ill  mii'li  II  I  jfi'  Immiiic  iiiiI.v  n  niiitli'r  u 


r  m 


mull- 


\*  .t.iti'it  ill  ji  I,  the  li'tniKTiiriiri'  "f  (lie  Hir  ttiitiin  tin'  |il<  tli.v. 


ttriipli  wii>  ollcii  itm 


iiiliiiiiiil  lit  the  liiifli  I'-vrl  fur  lii.tir*  nfti'r  tlir  liiii 


liiiil  lii'triiii 


to  •! 


rt'ri'iim'  III  viiluiiii' 


I) 


ill 


.liAi. 


ult  til  ri^'iiiH'ili'  li 


iilxorviitiuii    mIiIi   till'   i'X|>I<iiuiti'>ii    lliiit    till-   ti'tii|H>riituri>    itn-rri 


i'iitiril>    iluf   til 


iilittiir.T    iiK-rt'iix'.     It    iiiitftit   III*   iliu*   ill    |iiiri 


iiliiiiiriiiiil    I'lii'inii'til    I'liiiii;;!''!.     'I'liiil    uliiKiriiiul    i'liiiti|{<"<    arc    1 
|iliii'i'    ill   iviilrni't'd    li.y    tlu>   luti'r   iip|M'nrHii''i'   of   tilirillatiitii    nml 


iirki'il  iitropliy  wliirli    n-curi. 


'.VIT.V     tuflll    o 


f    nkl'll'lll 


iiilr.ii  iHiii    n   till  ({ 


lolllit 


|m 


iiiiil    liy    lirrtt    pri'iliii'tinii      Tlii>ri>for«    tliroutrhuut    tln>    |ti'riii<l 


|iiiriily»i'*.  Iii'uiiiiiini;  w\ 


ill  till'  fourth  iir  Hftli  liny  nfti'r  ilfncrviitl 


fcrtuin  iiniouiit  (if  lituit  iiiuit  lie  |ir'Miii<'>ii  attriiiliiiK  Hlirilliilinii.   II 
ever  tin-  <|iiiiMtity  KcncrHtnl  in  this  wiiy  may  Iw  fiuiti-  stiiiill,  fur  <liir, 
later  fiiiKi'*  iif  paralynii*   thi'  tiinjipriitiirp  nf  tlio  tnu'*i'li'   fr<i|ii 


b. 


H'onii-i  mil 


rkrdly  lower  than  t'   .t  of  a  niiriiml  tnii«rlp.     Yot  we  li 


I'howii   tliiit   fit>rilliitiiin   IIIII.V  otill  Ik-  iiri'scnt   in   • 


ui'li  a  CUM'. 


It  is  iHi«'«ihli'  that  tin-  "ource  of  iiiorciiiK'il  lirnf,  whirh  i»  pn 


soon  ufti-r  (Ic'iH'rviitioi 


n,  iii  a  I'liiniirtil  I'liantri'  iiiilipi'ii 


■  l.iit  of  til. 


ft'1% 


'ioB,     II    miMl    lit)    itilmillol    tttm    .i|.h    Hii    i'V|il,tii«liftn    i«    Hwfrly 

»P«lh«lii'»l.     Jrrt     il     Wouill     re.MII.ii..     |(,r     .li.liffr.  tlMlll*     of     V..!urW« 

untB  and  mt'iu*  IiI.khI  in  frUri.  n  »„  ih.>  r.ti.iK  ruiarv. 

M1MU411*. 
Volum*  thit»i/*t. 

I.  Tim  ni.uimuiii  .liliiruti..ti  ..f  tiw  limh  ....-uri  fr..iii  iw.i  e..  .i« 
tir.  nflrr  il.nirv«tioii.  Tltf  vxtvut  >ti  tin*  .|iltttitfi..ri  -.  pr.itm^tr  .1 
'tl.'  m..r.'  Ihiir.  a  |>..',  i.f  III..  I.. till  v..lutiH'. 

•J.  In  >..iii.-  iiiillviiliial*,  .•.,n»tri.ii,>ii  ..f  i!„.  .LiMfuilr.!  \Uni> 
•  'Jinn  •iH.n  after  thn  |»,iiC  of  ninximutii  .iiUiiiti'in  li.i*  U,  11  r.  i.li.  .|, 
I     oUtrr*.  p.m«lri,  ti.m  may  imi  I-ku,  for  n  f.'w  h..ur<  iiflcr  (hi*  liri».! 

X  C.implHB    ri»-.>vpry   of   th.>   ..ritfiiml    \.,iiim ,-i,m    in    t.i.inr 

■■->  within  tw.nl>  four  hour..     Th.r.-  nm.v   Iv  an    ■  ..nr  r. .  ..w  rv  " 
tfii'  oriifiiuil  viiliini.   ii»  iini»<  »>•<••  ..n. 

4.  l'..ii«lri.'tion  of  thp  .h  n.r»«t.,|  liinh  nm.v  luko  plii.-..  witi (  n 

(T  '("irtiondt..  |.>wr.-rinK  of  ih.'  linih  t.  ni|H nilur.v 
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SniMES  m  THE  lECENEXATlON  OF  DENERVATED 
MAIIAUAN  mSOL 


I!.  RFFKCT  or  ¥A88AflK. 


Bt  F.  A.  II»iiTii»v,  M  Arr..  W,  K,  iii.tn  »m>  L  (1,  Kiuhmw. 

AVom  ««  /,<ff.or-i/onV4  nf  Ihr  V Hilary  >V*  0/  „f  0,(kop,.Jie  N«r- 
(;#f»  ««./  l'k»,iolker„(,y,  llirt  HouMf,  a,  4  of  tht  1 1,  pari  men*  (if 
t'Ktitiolnaii.  Vnhtr,il9  „f  Toronto,  Toronto.  r«B<i,/.i./ 

In  rt  rr.w.l  parHf  l.rtiitfl.y  ati.l   lrrt«l.in,..|..  H)   iriw.%tiiraift|  il,,. 
-fTw-t.  .,f  Hm.Mifp  an.l  .Uht..  4I  tr-iitmnt  in  pt^f.uunp  «hr  .tr,.nhy 

"  •'«•»"•"'""••  nni-i..      Tl tr..|.l.y  »,.  .|..t„mini>.l  t.y  wri«i,i„«  th« 

.•vM~Ht  muiMlp.  .t  th»  .■,.,„|.i.io„  ,,f  ,h^  ..»pr,imrnt.  Tl..,  mnl....! 
ii.tml  trtk.'  ml.)  „..r..unt  tb«  .-..•in.rtivfl  tiMUi-  |.rr«.nr.  hi  n  .|p„..r- 
•  .IP.I  mu*'!..  thu  liMuc  hrporn.^  |»r..|K.rti..rmti.ly  «trr..trr  ».  th«  (lm« 
•  .MmiU.,!.  On  ih.i  .o.-....nt  w«  h«v..  ,,tt..m,.t.N|  t„  ,„.,„,ure  tl..' 
.  tu«l  p.w^r  .,f  .  nm.cle  (..  l.ft  «  I„«.l.  Tl.i.  «,v..,  «„  i.J..«  „f  ,i,„ 
...1  .uni  ..f  fufi.-tmniruf  rou..!..  ii„u,.  pr...oni  r.,  tl.o  p„..,.nt  r-g^.r,!. 
".    I.u,.  .•onHn...J  ..i)r*..Ivr,  t„  th.-  .i.i.l.r  of  tl...  ,(l,;i  „f  i„„«„„p. 

Wr?Ao.^.     Th.'  mu..i.^  .,f  tl...  I..*,.,  p«rt  of  Imth  l.ind  limbt  iti 

rah'.t  w..r..  .|..t„.rvnl,Ml  u...!.r  ««.ptir  .-onditin,,,  while  iho  ani.tml 

.t..l..r  »l...  .nflur,,....  of  ,.th.  r.     Tl.i,  wa.  nr...,mpli,hrd  hv  pithnr 

.  Ih     •-.at...  niTvo  at„|  ih,.n  unititiK  tli«.  r„t  on.U  l.y  tii..n..»  of 

.  .-.u   .....  „r  rl«.  by  .rii-hiiitf  ll.n  nrrve  rtB«i,„t  a  ghM  rod  with 

»  ■«  ...It  thrro.l  M.r.ir,|,ntf  f..  L,iiifcl..y',  m.tl...,|. 

I)....  of  thn  mo.t  diffirult  pr..blonu  in  w.,rkinK  with  denervat^d 
Um.m  u  ih..,r  protection  owi,,..  al-rn^ion.  Thi,  i.  parti.-ularir  so  in 
t  .0  rabbit  h«.8n»e  it  m,m»  with  «  h..p  and  whtn  t.  .  K-mtic  i»  .-ut 
11...  to.- are  no  l-.u^rr  able  t..  t«k,.  up  tho  ,l.o<.k.  whi.-h  mu,t  ther..fora 
f^ll  o«tir,.Iy  upon  th«  h.H-l.  Moreover  dmiorvafnl  ti^uo  i.  n...n. 
-..Illy  injured  than  normal  tis.uM.  dm.  in  part,  no  .Joubt.  to  t..u  of 
th..  wiiuory  information  fMtn  those  p.irt*. 

We  lir.t  att,.mpt«l  to  prot^-t  the  h,.,.l  by  ,oft  bandago,  but  two 
*.ri.,u.  obje.-t.on*  pr.^nt..d  themg..lv.;  ,om..  animal,  woul.l  «u..ceed 
.n  I„OM.n.n«  the  bandag.n.  .0  that  thny  .lipped  off.  or  at  othor  time. 
'i"-y  tn.«ht  be  wound  m  tinhtly  that  fh..      ,.  h„ram..  »w„ll..„    Loath.-r 
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iiiL'h 


■k  of  ilir  iip|iir   |i:irl   ,'11111   ill"  to|i  "f  till-  forwanl  part    (n,  V 


KlK.   1.     Slile  vliw  of  boot. 


1   ami  lM.     'I'lif  i t   was  fiistrmii   In  I'l.nfurni  to  tlio  ri-stinp  pi>sil    r. 

if  tlio  liinh,  I'.i'.  with  thf  foot  tli'Xi'il.  Tin-  top  piece  and  tho  forw  "'! 
part  on  tlie  hottoiii  anil  at  the  oiiiri'  (h)  wliiro  rulihini,'  tniRht  m''  ir 
were  lined  with  (laniiel.  Ventilatinii  was  afTorded  by  holes  in  tin' 
siili'S  ami  at  the  frmit.  This  was  neeessary  in  hot  weather.  Ar  i') 
adiiitional  safeRiiard  nhsorlieiit  eottoii  was  plaeed  under  tho  heel  .i  i 
siinietiines  where  the  upper  eilife  of  the  forward  part  of  the  boot  i  '  i 
iniKht  rill).  Whirever  tlie  hair  was  worn  away  or  the  skin  hecai)!' 
ehafed,   eolliKiiun    was   ajiplied. 
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Mawiw  ttu-i  (fivi'ii   li.v   vii|tiiil.4r   nuis^cTisiM   from   tin-  S<'lm(i|   of 
MustaKP.   Hurt   Unwv.     |i,  „ll  cum'*  the  riitlit   Ux  w,h  iriii»sii(f.Ml  liy 


KlB. 


Toi>  view  of  boot. 


li"    iiictiiuil.,  i-iiii,i(||.r<'(l   ~t   iippnipriiitc   f.ir  ^iiinll    iiiii-cli'>,   vi/.,   ;i 

:.'.  i.tl.'  kiicuilitiK  and  strokin-.  liotli  tlio  left  and  riKht  lt'i?.s  w.to  put 
''irniiK'li  l>H>siv.'  iiicivonu'iits  three  times  to  prevent  stiffeiiinfr  "f  tlie 
J  •ml-:.     Sueli  treatment  was  jriven  froiu  five  to  six  dn.vs  per  week. 

At  the  U'rniinati..ii  ,,f  tlie  experiment,  tlio  ral>l>lt  was  an;e8llii'ti.~e(l 
"iih  urethnno  administered  l..v  a  >luTnacli  tulie;  tlie  miHeIi><  wlileli 
iMv,.  ;|„  ir  insertion  in  the  tendon  of  Achilles  were  carefully  dis>eete.l 
"111  >"  a-  to  disturb  their  circulation  a<  littli'  as  p.is-il,l,.;  and  lli.'U 
li"'  aninnd  was  placed  helly  downwards  on  an  animal  hoard  so  that 
'"■  l.irul  limhs  extended  heyond  the  h.,ard.  The  tihia  was  held  tirmlv 
1^  <  riamp  in  such  u  way  that  the  f;r..np  of  muscles  ( ffa-itrocn.-mius, 
-  ;..  us  and  pl.intiiris)  to  he  tested  hnn^'  fr.vly  as  s„on  as  the  tendon 
-1  Achilles  was  cut.     Dryinpr  of  Hie  mnsch'  wa.  prevented  hy  freiiu.'iit 

Mplhcatioii    ,,f    Kiii^ror's   solution    or   hy   stnearinf;   the   ,.uter   surf; 

"ill.  Miseline.  The  hilt.-r  method  sivna-d  to  (five  just  as  koo.I  rcsuit- 
.1-   liii'   foiiner. 

riie  tendon  was  fastonpd  to  a  lever  from  whi.-h  at  the  same  point 
''•-   suspended   a   scale   pan    (¥>>:.   :?).      I!,,|h    Iiml,,s   were   pnp.iivd    at 


:^— J  V 


M 

the  lauie  time  in  the  «amc  way  «o  that  simultaneous  records  couW  It 
obtained  of  the  corresponding  groups  of  muscles  on  the  treated  ani 
untreated  tide. 


^innrH^" 


Kip.  3.     Apparatus  for  testing  muscles. 


•       *-  _JI#'<i^-».  ..n^  *T%'" 
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Tlif  iiiusvlo  was  »tiiiiiiIat«Ml  l).v  chhvr  iiiriuci-<l  or  direct  currents. 

Ii.  u  majority  c.f  ous.'s  tho  in.iii.T.l  rurn-nt  was  u.tod.  When  the 
former  wag  used,  one  fine  wire  wan  fastencl  t..  tl.e  tendon  and  another 
ahovo  the  origin  of  the  muscles  nr.Hiiid  b.mc  and  mii..«-lo.  In  the 
•u-."  of  t  10  direct  current,  cotton  strips  soaked  in   I{inffer'«  »oluti<,n 

"|.ncet«-<l  the  ab.,ve  dcscribe<I  rcKions  of  the  miH.'lc  with  non-p..l.iris- 
.il.l.'  Imot  electrodes.  The  musdo  was  after-loaded.  Care  was  taken 
I-  insure  equal  initial  tension  for  the  two  mu.Mle  Rroups.  The 
-tniiKth  of  current  necessary  to  produce  maximum  contraction  was 
.iM|ho,yed.  A  series  of  contractions  from  jrradunlly  increased  weights 
«  H  ohtaine<l  from  each  muscle  group.  In  order  to  rule  out  vari- 
ations resulting  from  circulatory  changes  duo  to  ether  aniesthesia. 
'■.fl.rr  simultaneous  contractions  of  the  two  groups  were  secured  or 
.l-c  the  .-ontraction  of  one  group  immediately  followed  the  contraction 
nf  the  other  group  for  each  increment.  When  the  rahhits  were  placed 
in.'lrr  the  influence  of  urethane  the  fluctuation  due  to  aiwsthesiu  did 
ri.t  occur. 

Thus  a  series  of  contractions,  with  loads  increasing  I.'-  a  definite 
111.  ..nient.  as  2  gm.,  4  cm.,  or  10  gm..  depending  upon  the  power  of 
tm-  muscle,  was  nl.tained  for  the  treated  and  untrcat.d  dcnervated 
mii-les  under  ■  lar  conditions.  The  load  often  went  as  high  as 
th.'  iil.solute  limi:  in  order  to  see  whether  fatigue  in  anv  wav  altered 
Uw  relative  power  between  tile  muscles  of  the  two  sides  as  man.v  as 
SIX  ..ts  of  records  were  made  in  many  tests.  From  these  a  typical 
Mt  Has  chosen  for  plotting  the  wr>rk  curve. 

.\s  soon  as  the  functional  tests  of  the  muscles  were  comp!ete<l.  the 
i.ui-l.N  on  each  side  were  carefully  removed  and  weighed  with  the 
•■i-,rvation  of  such  precautions  as  similar  dissection  and  prevention 
"t  .  -;vnig  (see  I.angley  (1),  p.  id).  The  muscles  were  then  fixed  in 
•)rllis  so.     ion  for  histological  study. 

I-oad  and  work  curves  were  plotted  fron.  all  records  obtained. 
llii-  .urvo  for  the  treated  muscle  group  was  drawn  on  the  same  sheet 
»iih  tliat  for  the  untreated  muscle  group.  Thus  corresponding  parts 
"t  tlic  curves  could  be  compared  at  a  glance. 

HesuU/i. — An  indication  of  the  variation  be'  >»n  the  right  and 
Ifft  -'astrocnemius-soleus-plantaris  group  wag  o'  .ined  from  a  study 
■■!  tift.ru  normal  rabbits  (Table  I).  A  com,,ar  on  of  the  work  per- 
il rmcl  at  the  optimum  load  gives  a  fair  idea  of  the  two  curves  for 
^.ini.arison.  It  is  to  be  ..oted.  too,  that  the  heavier  muscles  do  not 
alwiiys  have  the  greater  capacity  for  work,  although  there  is  a  sur- 
priMiig  tendency  in  that  direction.  Moreover  the  left  muscles  were 
'li-'iiser  than  the  right  in  nine  of  the  fifteen  animals.  Treated 
animals  in  which  sores  developed  wore  discarded  if  the  muscles  we-e 
affoc-ti'd  in  any  way. 
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Till-    ixTOontiiK.'    liitT.T.iic-    li.-l».rii    tlif    corrfsiKmdinjf    niv 
(rrouiw  viirit'd  km  trrciitiy  lliiit  In  >ttrike  iiii  avrnitf.'  would  monn  liti  ■ 
In   view  of  this  iwkI   ii..t   kiuiwinn   what   th.«  iiuixcl."  cnuld  do   hrf. 
dfiKTViition  it  would  ho  n.vesiiury  to  obtiiiii  ii  vrry  iniirkrd  iii'-n 
.if  p<iw.'r  in  thf  tri'iilrd   imi-i-ic  i\>  cuni|>iirrd  to  tho  cntitriO   t.p   \>i 
tlm^   niii'^iiKo  was  iif  viilui'. 

Tho  diirntion  of  the  nm^^ajro  ««:•  iii'TtuHcd  from  vjook  to  wo.k 
iii'iny  cam'-*,  i\^  the  tnhlc  indirutiv*.  It  hiMTiR  a-suincd  that  i 
rnastau.'  Miijrht  he  iircdod  nioro  a"  tho  oiri'iilatioii  (h><Tiii«id.  I 
prinv-ipal  itidioatioii  that  tho  circiihition  \v:i-  doiToaH.d.  honiu'  t 
lowcroij  tonipiratiiro  in   lonn-tandintr  dincrvatioii-. 

Thirty-seven  aiiiimiU  woro  HUi'i'o-'-fully  <-arriod  through  to  i- .n 
pirtion.     'I'lio  duration  of  the  troatnirnts  rnii».'i'<l  from  fovon  to   l'"' 
days.  Twciity-thri'i-  of  thiNc  possi-siod  stron(.'cr  inu-ioli's  on  tlH>  trl':l^  i 
liiio,  tlip  rrniainintr  fourtoii  havinir  xtrotiffir  niii-i'Ios  on  tiio  uiitr<':i;    ! 
iiide.     In   tl.      ■   animals   in   whii'h   tho  treated   niuselcs  were  strmi  • 
they  averajfi.  '"■-  I>-<'.  Knater  than  the  eontrol  ninsclos,  wliile  in  tl 
rnhhitH  |Kig»(    -intf  more  ix>werful  contnd  nnmeli^.  the  nveraRe  iiier.,,., 
over  the  treated  inuseles  was  4:1-7  p.c. 

Table  I.     A  compnrliion  of  welglitg  anil  work  performed  at  the  optiiiiuiii  I'.l 
In  normal  Bastriu'iiornlus-iiolcua-planlailH  niUHcle  Kroupi). 
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The  normal  nui-eli-*  of  Table  I  showed  n  prednminanee  of  :  ti 
over  ricrht,  not  only  in  the  nunilier  of  animals  involved,  hut  in  ti.i 
percentnEce  of  differ('nei>^.  Where  the  left  muscle  Kroup  was  Rreat.r  in 
power,  the  average  was  2i»-5  p.e  over  the  riRiU,  while  in  the  cas.-  nt 
riirht  preponderance  the  niujcles  averaged  only  l'>-9  I>f.  more  pomr- 
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1.  limn  tl>..  !rft.     It  it  .|,„uM  turn  „ut  l„  1,..  trur  ..at  r.,I.l.it*.  on  th.- 

■rage    ,»,m.-i.   mor.>  jx.worful   iimhcIo.   i„   tl».  left   l.-jf  than    in   tho 

-lit.  that  woul.l  .tn'MK'tlnn   ll,..  ..In-rvatioM^   i„   Tnl.l..   [|   an,l   n,.|i 

Taiii..  II.     romparKon  of  trra|..|  .nd  umrr«(,..i  rt»n»r»at«d  n.uii.l». 
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rate  •ome  liciirfit   from  massaBo.     Ifowrvcr  tlu-  number  of  ntiitiM'* 
used  in  Table  1  wuk  too  imull  to  ostabli^h  »u<-h  a  gcncrali*ation. 

A  very  important  contiili  ration  mint  be  kept  in  mind,  and  tliii 
ii  eon<'C'rnin(?  itii-  atrophy  of  driurvated  miigcle.  Such  a  mu<''lr 
dwindliii  in  volume  aii<l  no  linubt  in  pi.wor,  so  that  if  the  tnassii;-  I 
muiiclfi  i«  compared  with  the  oorrcspondiiiK  untreated  musele  by  it< 
eapaoity  to  do  work,  an  inereair  of  'U  p.e.  over  tiiu  control  doe*  unt 
mean  »o  niueh  as  it  would  in  normal  mui'lc^.  In  other  wordi  l.ntli 
treated  and  untreated  miiseiis  dwindle  rapiilly,  bnt  the  mui'<:  ;.'•  •! 
muscle  maintained  04  p.e.  more  strentfth.  The  treated  muoelei  niiiiit 
logo  a  (rroat  deal  and  still  do  that.  Kveti  tlii<  minht  bo  of  niorr 
iii(fiiiHi'.inee  if  -i  Litko  majority  of  the  animals  treated  showed  thi., 
but  this  is  true  in  only  iwenly-three  out  of  thirty-seven  anini:i'> 
treated.  Slightly  more  than  a  third  of  the  number  showed  an  opp*!-  •!■ 
condition. 

.Tudfe'inl  from  the  fuiietiomil  test,  therefore,  massaf^e  has  ii't 
prtiven  to  bo  of  (freut  value  in  our  experiments.  But  beenuso  we  iliJ 
not  know  the  relative  eapaeities  of  the  mu^ele-i  before  denervjitioti,  we 
eannot  make  our  conclusions  as  positive  as  mi);ht  be  done  otherwiao. 
ife-covcr  the  method  of  testing  is  open  to  the  objeetion  that  there  \i 
some  disturbunee  of  the  eireulntion  in  the  preparation  of  the  ma- ■'■• 
so  that  its  tendon  can  be  fastened  to  the  lever.  Althoun'i  the  two  si  t- 
of  muscles  wore  prepared  in  as  similar  a  manner  and  as  (luiikly  ns 
possible,  a  certain  amount  of  disturbunee  in  the  muscle  was  unavoi-j- 
able. 

There  are  certain  observations  which  we  will  point  out  in  ref.r- 
once  to  the  comparative  weights  of  treati'd  and  untreated  muselrs.  In 
the  first  place  the  pereentaRc  difference  in  weight  never  reai-hm  tli" 
range  attained  i'l  the  functional  test.  In  the  second  place  if  th.- 
functional  test  shows  a  much  jrre.iter  i>reponderance  of  one  ma-.';.' 
uroup  over  the  other  that  muscle  (;roup  frc(iucnt!y  weijrhs  less  than 
the  other.  All  told,  out  of  the  thirty-.seven  experiments,  sevetitein 
did  not  agree  in  functional  and  weight  tests  as  to  which  preponder- 
ated. 

These  obat  nations  seem  to  indicate  that  the  weight  of  a  nni-  li' 
does  not  noi'CJsarily  indicate  the  relative  amount  of  contractile  tl-suo. 

In  conclusion  we  wish  to  thank  Miss  Joan  Campbell,  who  f.'.ive 
valuable  assistance  in  this  research.  We  wish  also  to  thatik  the 
members  of  the  Schol  of  Massage  at  Hart  House  for  their  part  in  the 
research. 
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SUMMAHV. 

1.  Tho  golpiij.  Kn>itr<»>n«niiui  and  planturin  mu».!«i  were  dener- 
vat>  I  on  both  Met  in  fhirty-^rvon  ruM.its.  Tli.-  mii,W..s  of  the  riRlit 
>  ,f  were  ma.snju'd  fn.tn  two  t.>  tni  ininut.'s  n  diiv  over  periods  vnr.v- 
ii  u'  from  »even  to  1!>0  dn.v«.  At  tho  ,.„n-lt..lun  of  th..  oxp-riment  tl'ie 
u.rk  '•apm-ify  of  the  ir.'nt..d  uuim-Iv,  w,m  .•..m|uir..(l  with  that  of  tho 

"t.tn.l.     rho  two  Krniips  ,,f  mii-.-ies  w.t.'  hUo  w.iiiiuHl. 

2.  In  a  iiniil:ir  maiint'r  th.-  «arm.  nun.'h'*  in  tiftcon  Mornm! 
;i;iiniili   were  cnmpiircd   on   both   aides. 

:l.  Sixty  |>rr  cent  of  th«>  norninl  rabbit-i  pn-...>s«f.,l  ^tronRor  muvlc* 
)i   the  h-ft  side.     In   the  e,,„-«   of   h>ft   pre,.,,Md.Tuii,e   tho  ditTereneo 
w  1^  much  greater  than  in  the  ea!..^  of  riiriit  pr.punderan.'e.     A  Inrjfe 
iroi.nrtion  of  the  left  niii«>lo  >froup«  were  nl.-o  heavier  than  the  ri^fht 
ii)i  .uurh  Mi.-h  niU'<el,«,  ,li,l  „„t  itivurinbiy  prove  to  l,e  (he  ..troncer. 

4.  The  massuifed  miis<-h>«  were  stronirer  tlian  the  eontroU  in 
-  v»y  two  per  rent  of  the  animaU  treate.l.  There  w,i,  ronniderable 
•I  .ri'imney  between  the  comparison  by  weight  and  the  eo.nparison 
iiv  funetion. 

r..  In  view  of  our  ifrnoranee  of  flie  relative  enpaeitien  of  the  two 
'.!<  of  .niiseles  before  beffinninsr  treatment,  n  Rmnll  predominnnee  of 
p-w.^r  in  the  treated  museles  is  ineon.-lusive.  Our  ..h-ervation* 
in^i  .'nte  that   ma««nire  of  denervated  mn-ele  i»  sliphtt*  benefieinl'. 
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